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Description 

Technical Field 

5 This invention is useful in the field of medicine, and relates more detailedly to novel BE-13793C (12,13-dihydro- 

IJI-dihydroxy-SH-indolo^.S-aJpyrrolo^^Jcarbazole-SJfSHJ-dione) derivatives inhibiting proliferation of tumor cells 
and exerting an antitumor effect, a method for preparation thereof and their use. 

Background Art 

10 

In the field of cancer chemotherapy, many compounds have already been put to practical use as medicine. How- 
ever, their effects on various kinds of tumors are not necessarily adequate, and further the problem of resistance of 
tumor ceils to these drugs makes the methods of clinical use thereof complicated [refer to Proceedings of the Japanese 
Cancer Association, 47 Annual Meeting, pages 12 to 15 (1988)]. 

In such state of things, development of novel carcinostatic substances is always desired in the field of cancer 
therapy. Particularly, substances are necessitated which overcome resistance of tumor ceils against existing carcino- 
static substances and exhibit effectiveness against such kinds of cancers that existing carcinostatic substances cannot 
exert adequate effects thereon. 

In the light of such present state of things, the present inventors widely screened microbial metabolic products, as 
20 a result, found a novel antitumor activity-possessing compound BE-13793C (12,13-dihydro-1 ,11-dihydroxy-5H-indolo 
[2,3-a]pyrrolo[3,4-c]carba20le-5,7(6H)dione), and disclosed it in the preceding patent application (Japanese Patent 
Application No. 71149/1989). 

Further, the present inventors synthesized derivatives of BE-1 3793C, found that novel compounds represented 
by the later-described general formula (I) exhibited an excellent antitumor action, and completed this invention. 

25 

Disclosure of Invention 

This invention relates to 12,13-dihydro-6H-indolo[2 ) 3-a]pyrrolo[3 ) 4-c]carba2ole-5,7(6H)-dione derivatives repre- 
sented by the following general formula, pharmaceutical ly acceptable salts thereof, a method for preparation thereof 
30 and a use thereof: 




[wherein FP denotes a monosaccharide group having 5 to 7 carbon atoms, and the hydroxyl groups of this monosac- 
charide group can be replaced by the same or different 1 to 3 groups selected from the group consisting of a hydrogen 
atom, a lower alkyl group, lower alky lea rbonyloxy group and lower alkoxy group.] 

45 The definitions of terminology used in this description are set forth below. 

The monosaccharide group having 5 to 7 carbon atoms means a group obtained by removing an anomeric hydroxyl 
group from the cyclic form of a saccharide having 5 carbon atoms such as, for example, ribose, arabinose, xylose or 
lyxose, a saccharide having 6 carbon atoms such as, for example, allose, altrose, glucose, mannose, gulose, idose, 
galactose or talose, or a saccharide having 7 carbon atoms such as a heptose such as, for example, 7-sedoheptulose. 

50 The term of "lower" means that the carbon number of the group or compound to which this term is attached is 5 

or less. Therefore, a lower alkyl group means an alkyl group having 1 to 5 carbon atoms such as, for example, a methyl 
group, ethyl group, propyl group, isopropyl group, butyl group, isobutyl group, pentyl group or isopentyl group. 

A lower alkylcarbonyloxy group means an alky lea rbonyloxy group having 1 to 5 carbon atoms such as an acetyloxy 
group, propionyloxy group, isopropionyloxy group, butanoyloxy group, isobutanoyloxy group, pentanoyloxy group or 

55 isopentanoyloxy group. 

A lower alkoxy group means an alkoxy group having 1 to 5 carbon atoms such as, for example, a methoxy group, 
ethoxy group, propoxy group, isopropoxy group, butoxy group, isobutoxy group, pentyloxy group or isopentyloxy group, 
and a leaving group means a halogen atom such as a chlorine atom, bromine atom or iodine atom, or an alkylsulfonyloxy 



2 



10 



25 



30 



40 



45 



50 



EP 0 528 030 B1 

group or arylsulfonyloxy group such as a methanesulfonyloxy group or toluenesulfonyloxy group. 

A method for preparation of compounds of the present invention is described below. A compound of this invention 
is prepared using as a starting raw material substance a novel antitumor substance BE-1 3793C [12,1 3-dihydro-1 , 1 1 -di- 
hydroxy-SH-indolo^.S-alpyrrolotS.A-cJcarbazole-SJfeHJ-dione; refer to Japanese Patent Application No. 71543/1990] 
represented by the following formula and disclosed in the preceding patent application: 




(n) 



15 

Namely, a compound of this invention is prepared by carrying out one or more of the following steps: 

1) a step to react, in the presence of a base, the compound represented by the formula (II) or a compound B-(ll) 
20 wherein an appropriate protective group is introduced in compound (II) with a compound represented by the general 

formula 



R 1 -Z (III) 

[wherein Z denotes a leaving group and R 1 has the same meaning as mentioned above] or a compound B-(lll) 
wherein an appropriate protective group is introduced in R 1 of compound (III), and 

2) a step to remove the protective group(s), and if necessary, converting the resultant compound into a pharma- 
ceutical^ acceptable salt. 



The reaction of compound (II) or B-(ll) with compound (III) or B-(lll) is usually carried out in a solvent which has 
no bad influence on the reaction, using a suitable base. Such a solvent includes an alcohol such as, for example, 
methanol, ethanol, propanol or isopropanol, ketones such as, for example, acetone or methyl isobutyl ketone, ethers 
such as, for example, tetrahydrof uran or dioxane, or an aprotic polar solvent such as, for example, N.N-dimethylfor- 
35 mamide, acetonitrile or dimethyl sulfoxide, or a mixed solvent thereof, or a mixed solvent thereof with water. Further, 
a usable suitable base includes an alkali metal carbonate salt such as sodium bicarbonate, potassium bicarbonate, 
sodium carbonate or potassium carbonate, an alkali metal hydroxide such as sodium hydroxide or potassium hydroxide, 
an alkali metal hydride such as sodium hydride or lithium hydride, or the like. 

In carrying out this condensation reaction, 1 to 3 moles of compound (III) or B-(lll) is usually used per mole of 
compound (II) or compound B~(l I). Further, if necessary, it is also possible to use compound (III) or B-(lll) in an equimolar 
or less amount. 

The use amount of the base is equimolar or excessive amount per the raw material compound, and usually 1 to 
4 moles. 

The reaction temperature is in the range of 0°C to the boiling point of the solvent, preferably 0°C to 100°C, and 
the reaction time is not particularly limited, but usually 0.5 to 24 hours. 

Further, it is advantageous for smooth and efficient progress of the reaction to carry out, if necessary, the reaction 
under an atmosphere of an inert gas such as nitrogen or argon. 

Introduction and removal of protective groups can be carried out selecting suitable protective groups and using 
methods used conventionally in this field (refer to T W. Greene, Protective Groups in Organic Synthesis, John Wiley 
&Sons, 1981). 

For example as for hydroxyl groups at the 1- and 11 -positions, an alkanoyl group such as an acetyl group, a 
methoxymethyl group, a benzyl group or the like is used as a protective group, and particularly, a benzyl group is 
preferably used. Introduction of such a protective group can readily be made by reacting a corresponding halide with 
compound (II) in the presence of a base, and elimination of such a protective group can readily be made by acid or 
55 alkali hydrolysis or ammonolysis on an alkanoyl group and by hydrolysis with an acid catalyst, or the like on a meth- 
oxymethyl group, and can readily be made on a benzyl group, for example, by hydrogenation reaction using palladium- 
carbon as a catalyst. Further, as for protection of the imino group at the 6-position, a benzyloxymethyl group or the like 
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is preferably used, introduction of this protective group can readily be made by reacting a compound wherein the 
hydroxy I groups of compound (II) are protected, with a benzyloxymethyl halide in the presence of a base, an elimination 
of this protective group can readily be made, for example, by carrying out catalytic hydrogenation reaction using pal- 
ladium-carbon as a catalyst and treating the formed hydroxymethyl compound with concentrated ammonia water. 

5 Further, as a protective group of the hydroxy I groups of a compound (III), an acetyl group is, for example, preferably 

used, this acetyl compound can readily be obtained by reacting the corresponding saccharide with an acid anhydride 
such as acetic anhydride in the presence of a base such as, for example, pyridine, and deacetylation can readily be 
made by reaction with a base such as sodium hydroxide or concentrated ammonia water. Further, as for a primary 
hydroxyl group, for example the hydroxyl group at the 6-position of a glucopyranosyl group, a triphenylmethyl group 

10 or the like is also preferably used. Introduction and elimination of this triphenylmethyl group can be made by a usual 
method well known in this field (refer to the afore-mentioned T. W. Greene, Protective Groups in Organic Chemistry, 
John Wiley & Sons page 34 to 35). 

Compound (II), a raw material for preparation of compounds of this invention, can be prepared by the process 
(refer to Reference example) disclosed in the preceding Japanese Patent Application No. 71 543/1 990, and a compound 

is represented by the general formula (III) or if necessary, compound B-(lll) wherein the hydroxyl groups thereof are 
protected, which is another raw material, can be prepared by converting the anomeric hydroxyl group of a naturally 
occurred saccharide into a leaving group such as a halogen atom, or by converting a naturally occurred saccharide 
into a dehydroxyl compound, alkoxy compound, alkanoyl compound or alkyl compound by a well-known chemical 
process and then converting the anomeric hydroxyl group thereof into a leaving group such as a halogen atom [refer 

20 to J. W. Gillard et al., Tetrahedron Letters, 22, 513-616 (1981)]. 

Isolation and purification of the product of the above condensation reaction can be carried out by a method known 
in this field, for example, by solvent extraction, recrystallization or chromatography. 

Further, the step to convert a compound obtained in the above step into a pharmaceutical^ acceptable salt can 
be carried out, for example, by applying a technique conventionally used in this field to the free compound prepared 

25 by the above preparation process. 

Specific examples of these pharmaceutical^ acceptable salts are, for example, alkali metal salts such as a sodium 
salt and a potassium salt, alkaline earth metal salts such as a calcium salt, etc. 

Compounds of this invention represented by the general formula (I) are useful compounds which exhibit an excel- 
lent proliferation inhibition activity against various cancer cells and are expected to be used as antitumor agents. 

30 For demonstrating the above thing, a pharmacological test example is set forth below In this connection was used 

as a control compound BE-13793C (12,13-dihydro-1,11-dihydroxy-5H-indolo[2 l 3-a]pyrrolo[3,4-c]-carba2ole-5,7(6H)- 
dione, refer to Japanese Patent Application 71543/1990). 

Antitumor action 

35 

(1 ) Preparation of test solutions 

A test compound (20 mg) was dissolved in dimethyl sulfoxide (1 ml) and successively diluted into test solutions. 

40 (2) Cancer cell-culturing media 

DMEM medium containing 1 0% fetal bovine serum was used for a human gastric cancer cell MKN45 and a human 
colon cancer cell LS180, and RPMI-160 medium containing 10% fetal bovine serum was used for human lung cancer 
PC13. 

45 

(3) Measurement method 

100 uJ portions of the cell-culturing medium containing 3X 1 0 3 cancer cells were put in a 96-hole microplate, culture 
was carried out under 5% CO s at 37°C for 24 hours, 11 u.l portions of the above test solution were added, the mixtures 
50 were subjected to culture under 5% C0 2 at 37°C for further 72 hours, and then the cells were fixated with 50% trichlo- 
roacetic acid and stained with 0.4% sulforhodamine B. The dye was extracted from the stained cells with 10 mM Tris 
solution, and absorbance at 540 nm was measured and compared with that in the control group. As a result, the 
compound of this invention remarkably inhibited proliferation of the human cancer cells. Concentrations (IC 50 ) at which 
proliferation of the cancer cells was inhibited by 50% were measured, and listed in Table 1 . 

55 
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Table 1 



5 



Kind of cell 


IC 50 (ng/ml) 




Compound of Example 1 


BE-13793C 


MKN45 


0.28 


>50 


LS180 


1.65 


>50 


PC13 


1.70 


12.5 



As is seen from the foregoing, the compounds of this invention remarkably inhibit proliferation of human gastric 
cancer cells, colon cancer cells and lung cancer cells, and thus are expected to be clinically usable as antitumor agents. 

As administration forms at the time of use of a compound of this invention, various forms can be selected, and 
there can be mentioned oral agents such as, for example, tablets, capsuls, powders, granules or liquids, or sterilized 
liquid parenteral agents such as, for example, solutions or suspensions. 

Solid preparations can be prepared, as they are, as forms of tablets, capsuls, granules or powders, or can also 
be prepared using suitable additives. Such additives may be additives usually used, and include saccharides such as, 
for example, lactose and glucose; starches such as, for example, corn, wheat and rice; fatty acids such as, for example, 
stearic acid; inorganic salts such as, for example, aluminium magnesium metasilicate and anhydrous calcium phos- 
phate; synthesized polymers such as, for example, polyvinylpyrrolidone and polyalkylene glycol; fatty acid salts such 
as, for example, calcium stearate and magnesium stearate; alcohols such as, for example, stearyl alcohol and benzyl 
alcohol; synthesized cellulose derivatives such as, for example, methylcellulose, carboxymethylcellulose, ethylcellu- 
lose and hydroxypropylmethylcellulose; and further, water, gelatin, talc, vegetable oils, gum arabic, etc. 

Solid preparations such as these tablets, capsuls, granules and powders contain an effective ingredient generally 
at 0.1-100 weight %, preferably at 5-100 weight %. 

Liquid preparations are prepared in forms such as suspensions, syrups or injections using suitable additives usually 
used in liquid preparations such as water, alcohols or oils originated in vegetables such as, for example, soybean oil, 
peanut oil and sesame oil. 

Particularly, solvents suitable in case of parenteral administration by intramuscular injection, intravenous injection 
or subcutaneous injection includes, for example, distilled water for injection, aqueous lidocaine hydrochloride solutions 
(for intramuscular injection), physiological saline, aqueous glucose solutions, ethanol, liquids for intravenous injection 
(e.g. aqueous solutions of citric acid and sodium citrate, etc.), electrolyte solutions (for intravenous drip and intravenous 
injection), etc., and their mixed solvents. 

These injections can take such forms that powder itself or to which suitable additives were added is dissolved at 
the time of use, besides such forms that ingredients are dissolved in advance. Such an injection contains usually 0. 1 -1 0 
weight %, preferably 1-5 weight % of the effective ingredient. 

Further, a liquid agent of a suspension, syrup or the like for oral administration contains 0.5-10 weight % of the 
effective ingredient. 

It should be noted that the actually preferred dose of the compounds of this invention changes according to the 
kind of a compound to be used, the kind and application frequency of the compounded composition, the specified site 
to be treated, hosts and tumors. For example, the dose per day and per one adult is 10 to 500 mg in case of oral 
administration, and 10 to 100 mg per day in case of parenteral administration, preferably intravenous injection. The 
administration frequency varies depending on administration methods and symptoms, but is 1 to 5 times. 

This invention is more specifically described below according to examples, but not limited only to these examples. 

Example 1 



12,13-dihydro-1,11-dihydroxy-1 3-(B-D-glucopvranosvl)-5H-indolof2,3-a1pyrrolo[3,4-clcarbazole-5,7(6H)-dione 

a) 180.5 mg of BE-13793C (12,13-dihydro-1,11-dihydroxy-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole-5,7-(6H)-di- 
one) was dissolved in 137 ml of N,N-dimethylformamide (DMF), 510 mg of potassium carbonate was added, and 
170 uJ of benzyl bromide was added under ice cooling. The reaction solution was stirred at room temperature for 
2 hours and, after addition of 200 ml of water, extracted with 200 ml of ethyl acetate, and the extract was dried 
over sodium sulfate and concentrated under reduced pressure to give 1,11-dibenzyloxy-12,13-dihydro-5H-indolo 
[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione (yield: 93.7%). Rf value 0.6 (chloroform-ethyl acetate (19:1)) 

b) 143.8 mg of 1,11-dibenzyloxy-12,13-dihydro-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione was dis- 
solved in 50 ml of DMF, 1 28.8 mg of 60% oily sodium hydride (NaH) was added, 36.5 uJ of benzyloxymethyl chloride 
was gradually added under ice cooling over a period of 10 minutes, and the mixture was subjected to reaction at 
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0°C for further 1 hour. The reaction solution was diluted with water and extracted with ethyl acetate, the ethyl 
acetate layer was dried over sodium sulfate and concentrated under reduced pressure, and the residue was purified 
by silica gel column chromatography (Kiezel gel 60; eluted with chloroform) to give the desired 6-benzyloxymethyl- 
1,11 -dibenzyloxy-1 2, 1 3-dihydro-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione (yield: 61 .7%). 
5 Rf value 0.3 (chloroform) 

c) To 5.4 mg of 6-benzyloxymethyl-1 , 11 -dibenzyloxy-1 2, 13-dihydro-5H-indolo[2,3-a]pyrrolo[3,4-c]-carbazole-5,7 
(6H)-dione obtained by the operation of b) were added 5 ml of benzene, 51.6 mg of 1 -bromotetraacetylglucose 
and 42.2 mg of silver oxide, and the mixture was refluxed with heating for 2 hours. After the reaction, the insoluble 
matters were removed by filtration, and the desired product was purified by column chromatography on silica gel 

io (Kiesel gel 60; eluted with chloroform) to give 6-benzyloxymethyl-1 , 11 -dibenzyloxy-1 2,1 3-dihydro-13-(tetraacetyl- 

p-D-glucopyranosyl)-5H-indolo[2,3-a]-pyrrolo[3,4-c]carbazole-5,7(6H)-dione (yield: 34.8%) Rf value 0.25 (chloro- 
form) 

d) To 4.5 mg of 6-benzyloxymethyl-1 , 1 1 -dibenzyloxy-1 2, 1 3-dihydro-1 3-(tetraacetyl-p-D-glucopy ranosyl)-5H-indolo 
[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione were added 1.5 ml of ethyl acetate and 9 ml of ethanol to make a 

*5 solution, and the solution was subjected to hydrogenation reaction in the presence of palladium-carbon catalyst 

(two medical spoonsful) for 3 hours. After the reaction, the palladium-carbon was removed by filtration and washed 
with methanol and tetrahydrofuran. The filtrate and the washings were concentrated under reduced pressure, the 
resiude was subjected to thin layer chromatography (Kiesel gel 60; developed with chloroform-methanol = 19:1 ), 
and the desired product was scraped and extracted with methanol to give 12,1 3-d ihydro-1,11-dihydroxy-6-hy- 

20 droxymethyl-13-(tetraacetyl-p-D-glucopyran^ (yield: 

57.7%). 

Rf value 0.3 (chloroform-methanol (19:1)) 

e) 4 mg of 12,13-dihydro-1,11-dihydroxy-6-hydroxymethyl-13-(tetraacetyl-p-D-glucopyranosyl)-5H-indolo-[2,3-a] 
pyrrob[3,4-c]carbazole-5,7(6H)-dione obtained by carrying out the operation of d) was dissolved in 5 ml of meth- 

2S anol, 4 ml of concentrated ammonia water was added, and, after stirring at room temperature for 4 hours, the 

solvent was distilled away under reduced pressure. The desired captioned compound, 12,13-dihydro-1,11-dihy- 
droxy-13-(P-D-glucopyranosyl)-5H-indolo[2,3-a]pyrrolo[3,4-c]-carbazole-5,7(6 H)-dione was quantatively ob- 
tained. 

30 Rf value 0.32 (chloroform-methanol = 2:1) 

0.15(chloroform-methanol-tetrahydrofuran = 4:1:1) 

FAB-MS (m/z): 520 [M + H] + 

1 H-NMR (300 MHz, DMSO-D 6 ), (ppm): 3.48 (1 H,m), 3.64 (2H,m), 3.74 (1 H,m), 4.02 (2H,m), 4.88 (1 H.brd, J=5.3Hz), 
35 5.1 9 (1 H.brd, J=5.3Hz), 5.35 (1 H,brt,J=5.0Hz), 5.41 (1 H,brd,J=5.6Hz), 6.99 (1 H,d,J=8.0Hz),7.03 (1 H,d, J = 8.0Hz), 

7.05 (1 H,d,J=9.4Hz), 7.17 (2H,t,J=8.0Hz),8.52 (1 H,d,J=S.0Hz), 8.70 (1 H,d, J=8.0Hz),9.91 (1 H.brs), 1 0.31 (1 H.brs), 
10.91 (1H,brs), 11.04 (1H,brs) 

Example 2 

40 

12,1 3-dihvdro-1 ,11 -dihydroxv-1 3-(B-D-galactopvranosyl)-5H-indolo[2 > 3-alpvrrolor3 > 4-c1carbazole5 > 7(6H)- dione 

a) To 100 mg of 6-benzyloxymethyl-1, 11 -dibenzyloxy-1 2,1 3-dihydro-5H-tndolo[2,3-a]pyrrolo[3,4-c]-carbazole-5, 7 
(6H)-dione) obtained by the operation of b) in Example 1 were added 50 ml of benzene, 940 mg of 1-bro- 

45 motetraacetylgalactose and 1 .41 g of silver oxide, and the mixture was refluxed with heating for 4 hours. After the 

reaction, the insoluble matters were removed by filtration, and the desired product was purified by silica gel column 
chromatography (Kiesel gel 60; eluted with n-hexane-ethyl acetate = 3:1 and toluene-ethyl acetate = 10:1) to give 
51 .3 mg of 6-benzyloxymethyl-1 , 11 -dibenzyloxy-1 2,1 3-dihydro-1 3-(tetraacetyl-p-D-galactopyranosyl)-5H-indolo 
[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione as yellow solid (yield: 34.2%). 

so Rf value : 0.24 (n-hexanel-ethyl acetate (2:1)) 

b) To 49.8 mg of 6-benzy loxymethyl-1 , 1 1 -dibenzy loxy- 1 2, 1 3-dihydro-1 3-(tetraacetyl-p-D-galactopy ranosy l)-5H-in- 
dolo[2 l 3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione obtained by the operation of a) were added 2 ml of ethyl acetate, 
1 2 ml of ethanol and a catalytic amount of palladium black, and hydrogenation reaction was carried out for 2 hours. 
After the reaction, the palladium black was removed by filtration and the filtrate was concentrated under reduced 

55 pressure. 3 ml of methanol and 2.4 ml of concentrated ammonia water were added to the residue, the mixture was 

stirred at room temperature for 2 hours, and the solvent was distilled away. A small amount of tetrahydrofuran was 
added to the residue and the tetrahydrof uran-soluble part was subjected to column chromatography on Sephadex 
LH-20 (eluted with tetrahydrofuran). The desired product-containing fraction was collected, the solvent was distilled 
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away, and the resultant reddish yellow solid was washed with diethyl ether to give 1 7.2 mg of the desired captioned 
compound, 1 2, 1 3-dihydro-1 , 1 1 -dihydroxy-1 3-(P-D-ga!actopyranosyl)-5H-indolo[2,3-a]pyrrolo-[3,4-c]carbazole- 
5,7(6H)-dione as reddish yellow solid (yield: 65.7%). 
Rt value : 0.18 (ethyl acetate-methanol (5:1)) 
s FAB-MS (m/z): 519 [M]+ 

1 H-NMR (300 MHz, CD 3 0D), (ppm): 3.78 (1 H.dd, J= 3.0Hz,9.3Hz), 4.08 (2H,m), 4.1 7 (1 H,m), 4.24 (1 H,d, J= 3.0Hz), 
4.29 (1H,t,J=9.3Hz), 6.95 (1H,dd,J=1 .2Hz,7.8Hz), 6.98 (1H,dd,J=1 .2Hz,7.8Hz), 7.11 (1H,t,J=7.8Hz), 7.14 (1H,t, 
J=7.8Hz), 7.24 (1H,d,J=9.3Hz), 8.65 (1H,dd,J= 1.2Hz,7.8Hz), 8.83 (1 H.dd.J = 1.2Hz,7.8Hz) 

10 Reference example 

Any microorganism or its mutant can be used as one used to produce BE-1 3793C represented by the formula (II), 
a raw material compound of compounds of this invention, so long as it is capable of producing an antitumor substance 
BE-13793C, and for example there can be mentioned BA-13793 strain [Fermentation Research Institute, Agency of 

*5 Industrial Science and Technology, the Ministry of International Trade and Industry (Bikoken); Accession No.: FERM 
P-10489); This strain was transferred to international deposition and its accession number is FERM BP-2785)]. A 
process of preparation of BE-13793C using this strain is, for example, as follows. 

BA-13793 strain cultured on a slant agar medium was inoculated into 100 ml of a medium (pH 6.7) comprising 
0.1% glucose, 2.0% dextrin, 1.0% corn gluten meal, 0.5% fish meal, 0.1% yeast extract, 0.1% sodium chloride, 0.05% 

20 magnesium sulfate, 0.05% calcium chloride, 0.0002% ferrous sulfate, 0.00004% cupric chloride, 0.00004% manganese 
chloride, 0.00004% cobalt chloride, 0.00008% zinc sulfate, 0.00008% sodium borate, 0.00024% ammonium molybdate 
and 0.5% 3-(N-morpholino)propanesulfonic acid in each of four 500-ml culturing Erlenmeyer flasks, and cultured at 
28°C for 72 hours on a rotary shaker (180 r.p.m.). 1 ml of the resulted culture broth was inoculated into 100 ml of the 
above-described medium in each of fifty 500-ml culturing Erlenmeyer flasks, and cultured at 28°C for 120 hours on a 

25 rotary shaker (180 r.p.m.). The culture broth (about 5 1) was filtered by filtration, the resultant cells were washed with 
500 ml of deionized water, and then 2.5 1 of methanol was added to the cells and the mixture was stirred at room 
temperature for 1 hour. Then methanol extract was obtained by filtration. Methanol extraction was carried out one more 
time, and the combined methanol extract (about 5 I) was concentrated up to about 800 ml under reduced pressure. 
The resultant concentrate was extracted with 3 1 of ethyl acetate, the ethyl acetate extract was concentrated under 

30 reduced pressure, and the resultant residue was washed with 500 ml of chloroform added to give 720 mg of a BE- 
13793C-containing crude substance. This crude substance was dissolved in 2 1 of methanol, the solution was con- 
centrated under reduced pressure to form an orange precipitate, and this was taken to give 546 mg of a BE-1 3793C- 
containing substance. This substance was dissolved in a mixed solvent of methanol-tetrahydrofuran = 1:1 (v/v), the 
solution was subjected to column chromatography on Sephadex LH-20 (produced by Pharmacia Co.) (1 .5 x 120cm), 

35 development was made using methanol-tetrahydrofuran = 1:1 (v/v), and the resultant BE-13793C fraction was con- 
centrated under reduced pressure to give 99 mg of BE-1 3793C as a yellowish orange crystalline substance. 

Industrially Applicable Field 

40 This invention is useful in the filed of medicine, and more detailedly, relates to novel BE-13793C (12,1 3-d ihydro- 

1,11-dihydroxy-5H-indolo[2,3-a]pyrrolo[3 I 4-c]carbazole-5 I 7(6H)-dione) derivatives which inhibit proliferation of tumor 
cells and exert an antitumor effect, a process for preparation thereof and a use thereof. 



45 Claims 



Claims for the following Contracting States : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

so 1 . BE-1 3793C derivatives represented by the following general formula or pharmaceutical^ acceptable salts thereof: 



55 
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35 



40 




(I) 



10 

[wherein R 1 denotes a monosaccharide group having 5 to 7 carbon atoms, and the hydroxyl groups of this mon- 
osaccharide group can be replaced by the same or different 1 to 3 groups selected from the group consisting of 
a hydrogen atom, a CyC s alkyl group, C r C 5 alkylcarbonyloxy group and C r C 5 alkoxy group.] 

is 2. A method for preparation of a BE-1 3793C derivative of claim (1 ) represented by the general formula (I) or a phar- 
maceutically acceptable salt thereof which comprises carrying out one or more of the following steps: 

1 ) a step to react, in the presence of a base, the compound (BE-1 3793C) represented by the general formula 

20 




(n) 



30 or a compound B-(ll) wherein an appropriate protective group is introduced in compound (II) with a compound 

represented by the general formula 



R 1 -Z (III) 

[wherein Z denotes a leaving group and R 1 has the same meaning as mentioned in claim 1] or a compound 
B-(lll) wherein an appropriate protective group is introduced in R 1 of compound (III), and 
2) a step to remove the protective group(s), and if necessary, converting the resultant compound into a phar- 
maceutical^ acceptable salt. 

3. An antitumor agent containing a BE-1 3793C derivative mentioned in claim 1 or a pharmaceutical^ acceptable salt 
thereof. 

45 Claims for the following Contracting State : ES 

1. A method for preparation of BE-1 3793C derivatives represented by the following general formula or pharmaceu- 
tical^ acceptable salts thereof: 

so 



55 



8 



EP 0 528 030 B1 



70 



75 




(I) 



[wherein R 1 denotes a monosaccharide group having 5 to 7 carbon atoms, and the hydroxy! groups of this mon- 
osaccharide group can be replaced by the same or different 1 to 3 groups selected from the group consisting of 
a hydrogen atom, a C r C 5 alkyl group, C^-C s alkylcarbonyloxy group and C r C 5 alkoxy group], 
which comprises carrying out one or more of the following steps: 

1) a step to react, in the presence of a base, the compound (BE-13793C) represented by the general formula 



20 



25 
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30 



or a compound B-(ll) wherein an appropriate protective group is introduced in compound (II) with a compound 
represented by the general formula 



(III) 



35 



40 



2. 



[wherein Z denotes a leaving group and R 1 has the same meaning as mentioned above] 
or a compound B-(lll) wherein an appropriate protective group is introduced in R 1 of compound (III), and 
2) a step to remove the protective group(s) and, if necessary, converting the resultant compound into a phar- 
maceutical^ acceptable sait. 

A process for preparing an antitumor agent comprising mixing the BE-1 3793C derivative mentioned in claim 1 or 
a pharmaceutical^ acceptable salt thereof and a pharmaceutically acceptable carrier and/or diluent. 



45 



Claims for the following Contracting State : GR 

1 . BE-1 3793C derivatives represented by the following genera! formula or salts thereof: 



50 
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[wherein R 1 denotes a monosaccharide group having 5 to 7 carbon atoms, and the hydroxyl groups of this mon- 
osaccharide group can be replaced by the same or different 1 to 3 groups selected from the group consisting of 
a hydrogen atom a C r C 5 alkyl group, C r C 5 alkylcarbonyloxy group and C^-Cg alkoxy group.] 

A method for preparation of a BE-13793C derivative of claim (1) represented by the general formula (I) or a salt 
thereof which comprises carrying out one or more of the following steps: 

1 ) a step to react, in the presence of a base, the compound (BE-1 3793C) represented by the general formula 




or a compound B-(ll) wherein an appropriate protective group is introduced in compound (II) with a compound 
represented by the general formula 

R 1 -Z (III) 

[wherein Z denotes a leaving group and R 1 has the same meaning as mentioned in claim 1] or a compound 

B- (III) wherein an appropriate protective group is introduced in R 1 of compound (III), and 

2) a step to remove the protective group(s), and if necessary, converting the resultant compound into a salt. 

An antitumor agent containing a BE-13793C derivative mentioned in claim 1 or a salt thereof. 

A method for preparation of BE-1 3793C derivatives represented by the following general formula or pharmaceu- 
tically acceptable salts thereof: 



H 




[wherein R 1 denotes a monosaccharide group having 5 to 7 carbon atoms, and the hydroxyl groups of this 
monosaccharide group can be replaced by the same or different 1 to 3 groups selected from the group consisting 
of a hydrogen atom, a lower alkyl group, lower alkylcarbonyloxy group and lower alkoxy group], 
which comprises carrying out one or more of the following steps: 

1 ) a step to react, in the presence of a base, the compound (BE-1 3793C) represented by the general formula 
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or a compound B-(ll) wherein an appropriate protective group is introduced in compound (II) with a compound 
represented by the general formula 

R 1 -2 (III) 



[wherein Z denotes a leaving group and R 1 has the same meaning as mentioned above] 
or a compound B-(lll) wherein an appropriate protective group is introduced in R 1 of compound (III), and 
20 2) a step to remove the protective group(s)and, if necessary, converting the resultant compound into a phar- 

maceutical^ acceptable salt. 

5. A process for preparing an antitumor agent comprising mixing the BE-13793C derivative mentioned in claim 1 or 
a pharmaceutical^ acceptable salt thereof and a pharmaceutical^ acceptable carrier and/or diluent. 

25 

Patentanspruche 

30 Patentanspruche fur folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1. BE-1 3793C-Derivate, dargestellt durch die folgende allgemeine Formel oder pharmazeutisch annehmbare Salze 
davon: 

35 




(I) 



45 

in der R 1 eine Monosaccharidgruppe mit 5 bis 7 Kohlenstoffatomen bedeutet, und die Hydroxylgruppen dieser 
Monosaccharidgruppe durch die gleiche Oder verschiedene 1 bis 3 Gruppen, ausgewahlt aus der Gruppe beste- 
hend aus einem Wasserstoffatom, einer C-^Cg-Alkylgruppe, einer C^Cg-Alkylcarbonyloxygruppe und einer C r 
C 5 -Alkoxygruppe ersetzt werden kann. 

2. Verfahren zur Herstellung eines BE-13793C-Derivats nach Anspruch 1, dargestellt durch die allgemeine Formel 
(I) oder eines pharmazeutisch annehmbaren Salzes davon, umfassend das Durchfuhren einer Oder mehrerer der 
folgenden Stufen: 

55 1) Stufe zur Umsetzung, in Gegenwart einer Base, der Verbindung (BE-13793C), dargestellt durch die allge- 

meine Formel 
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Oder einer Verbindung B-(ll), wobei eine geeignete Schutzgruppe in die Verbindung (II) eingefuhrt wurde, mit 
einer Verbindung, dargestelit durch die allgemeine Formel 



15 



R 1 -Z 



(III) 



20 



in der Z fur eine Austrittsgruppe steht und R 1 die gleiche Bedeutung wie in Anspruch 1 definiert besitzt, Oder 
einer Verbindung B-(lll), wobei eine geeignete Schutzgruppe in R 1 der Verbindung (III) eingefuhrt wurde, und 
2) Stufe zur Entfernung der Schutzgruppe/der Schutzgruppen und, falls notwendig, Umwandlung der entste- 
henden Verbindung in ein pharmazeutisch annehmbares Salz. 

3. Antitumormittel, enthaltend ein BE-13793C-Derivat nach Anspruch 1 oder ein pharmazeutisch annehmbares Salz 
davon. 



25 



30 



Patentanspruche fur folgenden Vertragsstaat : ES 

1 . Verfahren zur Herstellung von BE-t 3793C-Derivaten, dargestelit durch die folgende allgemeine Formel oder phar- 
mazeutisch annehmbarer Salze davon 



35 



40 



45 




(I) 



in der R 1 eine Monosaccharidgruppe mit 5 bis 7 Kohlenstoffatomen bedeutet, und die Hydroxylgruppen dieser 
Monosaccharidgruppe durch die gleiche oder verschiedene 1 bis 3 Gruppen, ausgewahlt aus der Gruppe beste- 
hend aus einem Wasserstoffatom, einer C 1 -C 5 -Alkylgruppe, einer C^Cs-Alkylcarbonyloxygruppe und einer C v 
C 5 -Alkoxy gruppe ersetzt werden kann, 

umfassend das Durchfuhren einer oder mehrerer der folgenden Stufen: 

1) Stufe zur Umsetzung, in Gegenwart einer Base, der Verbindung (BE-13793C), dargestelit durch die allge- 
meine Formel 



50 
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Oder einer Verbindung B-(ll), wobei eine geeignete Schutzgruppe in die Verbindung (II) eingefuhrt wurde, mit 
einer Verbindung, dargestellt durch die allgemeine Formel 

R 1 -Z (III) 



in der Z fOr eine Austrittsgruppe steht und R 1 die gleiche Bedeutung wie oben definiert besitzt, Oder einer 
Verbindung B-(lll), wobei eine geeignete Schutzgruppe in R 1 der Verbindung (III) eingefuhrt wurde, und 
20 2) Stufe zur Entfernung der Schutzgruppe/der Schutzgruppen und, falls notwendig, Umwandlung der entste- 

henden Verbindung in ein pharmazeutisch annehmbares Salz. 

2. Verfahren zur Herstellung eines Antitumormittels, umfassend das Mischen des in Anspruch 1 definierten BE- 
13793C-Derivats Oder eines pharmazeutisch annehmbaren Salzes davon mit einem pharmazeutisch annehmba- 
25 ren Trager und/oder einem Verdunnungsmittel. 

PatentansprOche fur folgenden Vertragsstaat : GR 

30 1 . BE-1 37930-Derivate, dargestellt durch die folgende allgemeine Formel oder Salze davon: 



35 



40 
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(I) 



in der R 1 eine Monosaccharidgruppe mit 5 bis 7 Kohlenstoffatomen bedeutet, und die Hydroxy Igruppen dieser 
Monosaccharidgruppe durch die gleiche oder verschiedene 1 bis 3 Gruppen, ausgewahlt aus der Gruppe beste- 
45 hend aus einem Wasserstoffatom, einer C r C 5 -Alkylgruppe, einer C^-C^-Alkylcarbonyloxygruppe und einer C r 

C 5 -Alkoxygruppe ersetzt werden kann. 

2. Verfahren zur Herstellung eines BE-13793C-Derivats nach Anspruch 1, dargestellt durch die allgemeine Formel 
(I) oder eines Salzes davon, umfassend das Durchfuhren einer oder mehrerer der folgenden Stufen: 



1) Stufe zur Umsetzung, in Gegenwart einer Base, der Verbindung (BE-13793C), dargestellt durch die allge- 
meine Formel 
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oder einer Verbindung B-(ll), wobei eine geeignete Schutzgruppe in die Verbindung (II) eingefuhrt wurde, mit 
einer Verbindung, dargestellt durch die allgemeine Formel 

R 1 -Z (III) 

in der Z fur eine Austrittsgruppe steht und R 1 die gleiche Bedeutung wie in Anspruch 1 definiert besitzt, oder 
einer Verbindung B-(lll), wobei eine geeignete Schutzgruppe in R 1 der Verbindung (III) eingefuhrt wurde, und 

2) Stufe zur Entfernung der Schutzgruppe/der Schutzgruppen und, falls notwendig, Umwandlung der entste- 
henden Verbindung in ein Salz. 

Antitumormittel, enthaltend ein BE-1 3793C-Derivat nach Anspruch 1 oder ein Salz davon. 

Verfahren zur Herstellung von BE-1 3793C-Derivaten, dargestellt durch die folgende allgemeine Formel oder eines 
pharmazeutisch annehmbaren Salzes davon: 



H 




in der R 1 eine Monosaccharidgruppe mit 5 bis 7 Kohlenstoffatomen bedeutet, und die Hydroxylgruppen dieser 
Monosaccharidgruppe durch die gleiche oder verschiedene 1 bis 3 Gruppen, ausgewahlt aus der Gruppe beste- 
hend aus einem Wasserstoffatom, einer Niedrigalkylgruppe, einer Niedrigalkylcarbonyloxy gruppe und Niedrigalk- 
oxygruppe ersetzt werden kann, 

umfassend das Durchfuhren einer oder mehrerer der folgenden Stufen: 

1) Stufe zur Umsetzung, in Gegenwart einer Base, der Verbindung (BE-13793C), dargestellt durch die allge- 
meine Formel 
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oder einer Verbindung B-(ll), wobei eine geeignete Schutzgruppe in die Verbindung (II) eingefuhrt wurde, mit 
einer Verbindung, dargestellt durch die allgemeine Formel 

15 1 

R-Z (III) 

in der Z fur eine Austrittsgruppe steht und R 1 die gleiche Bedeutung wie oben definiert besitzt, oder einer 
Verbindung B-(lll), wobei eine geeignete Schutzgruppe in R 1 der Verbindung (III) eingefuhrt wurde, und 

20 

2) Stufe zur Entfernung der Schutzgruppe/der Schutzgruppen und, falls notwendig, Umwandlung der entstan- 
denen Verbindung in ein pharmazeutisch annehmbares Salz. 

5. Verfahren zur Herstellung eines Antitumormittels, umfassend das Mischen des BE-13793C-Derivats nach An- 
25 spruch 1 oder eines pharmazeutisch annehmbaren Salzes davon mit einem pharmazeutisch annehmbaren Trager 

und/oder Verdunnungsmittel. 



Revendications 

30 

Revendications pour les Etats contractants suivants : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1. Derives BE-1 3793C repondant a la formule generale suivante ou leurs sels pharmaceutiquement acceptables : 

35 



40 




45 

[ou R 1 repr6sente un groupe monosaccharide comportant de 5 h 7 atomes de carbone, et les groupes hydroxyles 
de ce groupe monosaccharide peuvent etre remplaces par 1 & 3 groupes identiques ou diffdrents pris dans le 
groupe comportant un atome d'hydrogene, un groupe alkyle en C A -C S , un groupe alkylcarbonyloxy en C r C 5 et 
un groupe alcoxy C.,-C 5 ]. 

so 

2. Methode de preparation de derives de BE-1 3793C de la revendication 1 , repondant k la formule generale (I), ou 
leurs sels pharmaceutiquement acceptables, qui comprend la mise en oeuvre d'une ou plusieurs des Stapes 
suivantes : 

55 1) une 6tape pour faire r6agir-en presence d'une base, le compos§ BE-1 3793C repondant & la formule g6n§- 

rale 
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ou un compose B-(ll) dans lequel on introduit un groupe protecteur approprie dans le compose* (II) avec un 
compose repondant a la formule gSnerale 

15 1 

R-Z (III) 

[ou Z represente un groupe partant et R 1 a la meme signification que celle cit6e dans la revendication 1] ou 
un compose B-(lll) dans lequel on introduit un groupe protecteur appropri6 dans R 1 du compose (III), et 
20 2) une etape pour eiiminer le(s) groupe(s) protecteur(s) et, si necessaire, pour transformer le compose resul- 

tant en sel pharmaceutiquement acceptable. 

3. Agent antitumoral contenant un derive de BE-1 3793C precite dans la revendication 1 ou un sel pharmaceutique- 
ment acceptable de celui-ci. 

25 

Revendications pour I'Etat contractant suivant : ES 

1 . Methode de preparation de derives BE-1 3793C repondant a la formule generate (I) ou de leurs sels pharmaceu- 
30 tiquement acceptables : 



35 



40 




(I) 



[ou R 1 represente un groupe monosaccharide comportant de 5 a 7 atomes de carbone, et les groupes hydroxyles 
de ce groupe monosaccharide peuvent etre remplaces par 1 a 3 groupes identiques ou difterents pris dans le 
groupe comportant un atome d'hydrogene, un groupe alkyle en C^-C s , un groupe alky lea rbonyloxy en G,-C 5 et 
un groupe alcoxy C-j-Cs], 

qui comprend la mise en oeuvre d'une ou plusieurs des 6tapes suivantes : 

1 ) une 6tape pour fatre reagir en presence d'une base le compose BE-1 3793C repondant a la formule gene rale 
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ou un compost B-(ll) ou on introduit un groupe protecteur approprie dans le compost (II), avec un compost 
repondant a la formule generate 

R 1 -Z (III) 



[ou Z represente un groupe partant et R 1 a la meme signification que celle citee ci-dessus] ou un compost 
B-(lll) ou on introduit un groupe protecteur approprie dans R 1 du compose (III), et 
20 2) une etape pour eliminer le(s) groupe(s) protecteur(s) et, si necessaire, pour transformer le compose resul- 

tant en un sel pharmaceutiquement acceptable. 

2. Procede pour la preparation d'un agent antitumoral comprenant le melange du derive BE-13793C cite dans la 
revendication 1 ou d'un sel pharmaceutiquement acceptable de celui-ci et d'un vehicule et/ou diluant pharmaceu- 
25 tiquement acceptable. 

Revendications pour I'Etat contractant suivant : GR 

30 1 . Derives BE-1 3793C repondant a la formule generale suivante ou de leurs sels pharmaceutiquement acceptables : 




(I) 



[ou R 1 represente un groupe monosaccharide comportant de 5 a 7 atomes de carbone, et les groupes hydroxyles 
de ce groupe monosaccharide peuvent etre remplac6s par 1 a 3 groupes identiques ou differents pris dans le 
45 groupe comportant un atome d'hydrogene, un groupe alkyle en C r C 5f un groupe alkylcarbonyloxy en C r C 5 et 

un groupe alcoxy Gj-CsJ. 



2. Methode de preparation d'un d6riv6 BE-13793C de la revendication 1 , repondant a la formule generale (I) ou un 
sel de celui-ci qui comprend la mise en oeuvre d'une ou plusieurs des etapes suivantes : 

1) une etape pour faire reagir en presence d'une base le compose (BE-13793C) repondant a la formule g6- 
n£rale 
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ou un compost B-(ll) ou on introduit un groupe protecteur approprte dans le compost (II) avec un compose 
r6pondant a la formule generale 

R 1 -2 (III) 

[ou Z represente un groupe partant et R 1 a la meme signification que celle citee dans la revendication 1], ou 
un compost B-(lll) ou on introduit un groupe protecteur appropri6 dans R 1 du compost (III), et 
2) une etape pour eliminer le(s) groupe(s) protecteur(s) et, si necessaire, pour transformer le compose resul- 
tant en sel pharmaceutiquement acceptable. 

Agent antitumoral comprenant le melange du derive BE-13793C cite dans la revendication 1 ou un sel pharma- 
ceutiquement acceptable de celui-ci. 

Methode de preparation de derives BE-13793C repondant a la formule generale suivante ou de leurs sels phar- 
maceutiquement acceptables : 



H 




[ou R 1 represente un groupe monosaccharide comportant de 5 a 7 atomes de carbone, et les groupes hydroxyles 
de ce groupe monosaccharide peuvent etre remplaces par 1 a 3 groupes identiques ou differents pris dans le 
groupe comportant un atome d'hydrogene, un groupe alkyle inferieur, un groupe alkylcarbonyloxy inferieur et un 
groupe alcoxy inferieur], 

qui comprend la mise en oeuvre d'une ou plusieurs des etapes suivantes : 

1) une etape pour faire r£agir en presence d'une base le compose (BE-13793C) repondant a la formule ge- 
nerate suivante 



H 
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ou un compost B-(ll) ou on introduit un groupe protecteur approprie dans le compose (II) avec un compose 
repondant a la formule generate 

R n -Z (III) 

[ou Z represente un groupe partant et R 1 a !a meme signification que celle citee ci-dessus] ou un compose 
B-(lll) ou on introduit un groupe protecteur appropn'6 dans R 1 du compose (III), et 

2) une etepe pour 6liminer le(s) groupe(s) protecteur(s) et, si necessaire, pour tra.sformer le compost resultant 
en un sel pharmaceutiquement acceptable. 

ProcecJe de preparation d'un agent antitumoral comprenant le melange de derives BE-13793C cite dans la reven- 
dication 1 ou d'un sel pharmaceutiquement acceptable de celui-ci et un vehicule et/ou diluant pharmaceutiquement 
acceptable. 
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